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MASS RLSOLUTIOS OF A PARTICLE IDENTIFIER TO BE FLOh'Y ON ISEE-C 

D. Greiner, F.S. Bieser, H. Crawford, H. H. Heckman, E P. J. Lindstrom 
Space Sciences Laboratory 8 Lawrence Berkeley Laboratory 

University of California, Berkeley, California 94720 U.S.A. 

An instrument designed to identify particle masses (1-56) 
will be calibrated at the Bevatron during March-June 1977. 
instrument consists of ten 5 m thick Si(Li) detecters preceded 
by a drift chamber array for trajectory determination. .The 
instrument will be flown on the NASA-ESA ISEE-C satellite 
scheduled to be launched in July 1978. 
and calibration results will be discussed. 

This 

Instrument operation 

1. Introduction 

Measurements of the masses of the cosmic ray particles (tihen performed 

without use of a magnetic field) generally involve observations of small 

effects. 

instruments or many observations with a less ingenious instrument. 

times a compromise is made and we settle fer a few zbservatioris from a 

semi-high accuracy instrument. 

laen measuring a small effect we must either have high accuracy 

Many 

Then the identification depends on making 

the best use of the several 'parameters measured. 

achieved by the formuletions of a likelihood function which allows assign- 

Mathematically this is 

ment of probabilities to each possible particle mass for a given set of 

observed parameters. 

and more tractable x2 functions provide the same information content, 

provided the errors in the problem have gaussisn distributions. 

But likelihood functions are difficult to formulate 

Using this multi-parameter approach we have predicted instrument 
1 resolutions. 

of ten 5 mm thick Si(Li) detectors predicts mass resolutions better than 

.2 m u  through mass 56 if the following requirements can be met: 

Application to a solid state detector telescope consisting 

1. Detectors flat (ut 4121~) 

2 .  Pulse resolution = .1% of the maximum pulse expected for a given 

particle 

3 .  Particle direction relative to the Silicon is measured to an average 
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0 accuracy of . 3  

Let u s  now look a t  t h e  sensors we have developed t o  achieve t h i s  

reso lu t ion .  

2. Method 

- The Si(Li)  de tec tors  were made of Topsil  s i l i c o n  a t  the  Lawrence 

Berkeley Laboratory. Some average cha rac t e r i s t i c s  are:  

Active diameter 

Thickness 

Noise 

Leakage 

44' mm 

470011 

140 kev (Rm @ 700 vo l t s )  

6pA (@ 25' C) 

The l i thium "dead layer" s i d e  of  each de tec tor  was Sapped completely 

. of f  and a 1011 l ayer  of  l i th ium was re-deposited c rea t ing  a very t h i n  

window. 

height of 6 = 5 2 5  MeV. 

t he  surfaces  i n  order t o  reduce mechanical nonuniformity. 

Generally, 241Am i n  t h i s  s i d e  of a de tec to r  gives  a pulse  

A spec ia l  p?ar?er etch process was used when preparing 

A l l  de tec tors  

were subjected t o  a two week thermal vacuum test  where t h e i r  no ise  and 

leakage were monitored while i n  vacuum a t  2S°C f o r  4 days and 35OC f o r  10 

days. The f a i l u r e  r a t e  i n  t h i s  t e s t  was l e s s  than 10%. 

The thickness  va r i a t ions  of t h e  detectors  were measured op t i ca l ly  

and a l s o  by passing a beam of heavy ions through the  de tec tor .  The 

o p t i c a l  measurements were done using a 3 axis d ig i t i zed  nicroscope which 

was ca l ibra ted  using gage blocks c lose  t o  the  thickness t o  be measured. 

The thickness  of the  de t ec to r s  was measured on a 3 mm gr id  over t h e  e n t i r e  

surface.  Each individual  measurement had an accuracy of 5u. 

se lec ted  for fu r the r  t e s t i n g  had m a x i m u m  var ia t ions  l e s s  than 20u from 

The de tec tors  

t h e  average and a standard deviat ion of l e s s  than 10u. 

The uniformity of s igna l  when pa r t i c l e s  a r e  passed through 3t normal 

incidence was our most important c r i t e r ion  for detec tor  se lec t ion .  A 
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t o t a l  of 22 detec tors  which had passed a l l  t ne  provious t e s t s  wzre exposed 
2 

t o  a 400 MeV/n 4%r beam a t  the Bevalac. 

t o  allow at l e a s t  .l% accuracy i n  t h e  pulse height  average over. each of 80 

annulsr  s e p e n t s  of a de t ec to r .  

wcre i n  agreement with the  o p t i c a l  measurements, ind ica t ing  the de tec tors '  

e l ec t ron ic  proper t ies  are a l s o  qu i t e  uniforn. 

was somewbat subjec t ive .v i th  emphzsis put on the uniformity and the  h i s to ry  

of noise  and leakage. 

de tec tors .  

Enough p a r t i c l e s  were observed 

The r e su l t s  of the  p z x i c l e  maFping 

Final de tec tor  se lec t ion  

Fortunately,  there  was a zbundance of good 

The s i z e  of the  s i l i c o n  de tec tors  and the  d e s i r e  t o  have a lz rge  so l id  

angle lead us t o  consider e i t h e r  mltiwire propmtional chambers or d r i f t  

chambers as t h e  t r a j e c t o r y  measuring device. 

favor of d r i f t  chambers: 

?here were severa l  po in ts  i n  

1. Fewer wires, i . e . ,  l e s s  t o  'break 

2 .  

3. Suff ic ien t  gain without exot ic  gas mixtures 

For these reasons we chose t o  precede the  s i l i c o n  s tack  w i t h  6 

One amplif ier  vs. e i t h e r  a delay l i n e  o r  many ampl i f ie rs  

d r i f t  chambers. 

Monte Carlo ca lcu la t ions  of t he  6 d r i f t  charher arrzy response t o  

heavy ions and the  associated 6 rays allowed design of  a discr iminat ion 

scheme which reduced the  e f f e c t  of t.he d rays t? an acceptable l eve l .  

The chambers and t h e i r  associated electronics  a r e  described i n  more 

d e t a i l  by Fred Bieser a t  t h i s  conference. 

The ISEE-C instrument consis ts  then of 6 d r i f t  chamSers followed by 

10 Si (Li )  de tec tors  with the  de tec tors  surrounded by a s c i n t i l l a t o r  sh i e ld .  

In order t o  l i m i t  telemetry requirements and to be sure  of ger t ing 

imporcar.t events ( i . e .  , stopping i n  the s i l i c o n ) ,  the fo l lomng f i v e  

event types were defined: 
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Stopping, t 2 3,  no shield 

Stopping, t 5 2 ,  no sh ie ld  

Through, z - > 3, no sh ie ld  

Through, z - < 2 ,  no sh ie ld  

1 .  

2 .  

3. 

4 .  

5 .  Through, z > 2 ,  sh ie ld  

The p r i o r i t y  schene requi res  t h a t  type one events always be telemetered, 

while a subset  of types 2-5 i s  sent .  

determine t h e  event type a r e  s e t  by ground comand t o  allow f o r  prec ise  

se l ec t ion  and long term d r i f t s .  I t  is  zlso poss ib le  t o  reconfigure the  

instrument t r i g g e r  t o  r cqu i r e  2ny combination of wire chambers and any txo 

s i l i c o n  de tec tors .  The de tec to r  which determines t h e  stopping and through 

conditions may a l s o  be changed. 

instrument t o  not send any of t h e  event tLTes. 

xeighs 8 . 5  kg, Gses 5 . 2  i i a i t s  and ci=ansnits 51 t i t s / sec .  

3 .  Results 

The thresholds  which are used t o  

Lastly it i s  poss ib le  t o  comand t h e  

The coiripleted ins t runent  

A carbon bean at  250 MeV/n was used t o  begin ca l ib ra t ion  o f  t he  in s t ru -  

ment i n  l a te  March 1977. Three t )pes  of d a t a  were taken: 

1. 

2 .  

3 .  

Drift chanber ca l ib ra t ion  da ta  Khich consis ted of exposing t h e  

instrument t o  t h e  unfrzgmented beam a t  49 d i f f e r e n t  o r i en ta t ions  

covering t h e  e n t i r e  acceptance s o l i d  angle.  

S i l icon  de tec to r  beam cz l ib ra t ion  da ta  which consis ted of varying 

t h e  bean e x r g y  with absorbers sa t h a t  t h e  p a r t i c l e s r t o p  in 

several‘  pos i t i ons  of each detec tor  of t h e  te lescope.  

Mass and charge ca l ibra t ion  da ta  Khere the  be&! i s  fragmented 

and a l l  i sc topes  belos  the beam nass a re  stopping throughout 

t he  te!escopc. 

Essent ia l ly  the  s m c  data  se t  w 3 5  tz;.t>:. s = l > g  B “:Ar ha;n two weeks l a t e r .  
. .  
ivc have avai l3blc  3t t h e  time of t h i s  wr i t ing  :he d iagnos t ic  checks of t h e  l2C 
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data  made betxeen the  two runs.  

. . . . . . . . . . . . . . . . . .  . .Frq., I . . . .  - 
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- 

. .  . . . . .  . . . . . . . . . . . . . . . . . . .  

. - . .  . . . . . . . . . . . . . . . . . .  - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  - - 

The d r i f t  chamber resol- 

, ut ion  was the  first quant i ty  

checked. Fig:l shows t h e  tan- 

gent of t h e  angle of incidence 

of t he  beam as determined by 

two of t h e  s i x  d r i f t  chambers. 

The standard deviat ion is %.026. 

This p red ic t s  a path length 

uncer ta in ty  of SOU i n  each 

s i l i c o n  de tec tor .  Monte Carlo 

ca lcu la t ions  f o r  1*C predic t  

a 3011 uncer ta in ty  i n  path 

iength assuming chamber 

reso lu t ion  is  300~ iyd a l l  

s i x  chambers a r e  used t o  de te r -  

mine the  s lope.  Thus we f e e l  

ithat..when we nake use of t h e  information from the  o ther  chambers we w i l l  

achieve the predicted reso lu t ion .  

The diagnost ic  t e s t s  of  the  isotopic  reso lu t ion  f o r  fragments of  the  

l.?C bean consisted of LE vs.  E p lo t s  for a l l  choices of stopping de tec tor .  

' A  representa t ive  sample i s  shown i n  F i g .  2 fo r  p a r t i c l e s  stopping i n  the  

Even wi'chout using the g rea t e r  reso lu t ion  of t he  mult i -  t h i r d  de tec tor .  

pzrameter fit we see qu i t e  c l e a r  separation of isotopes through llB. 

Comparison of  thes? r e s u l t s  t o  t h e  predicted resolu:ior, ind ica tes  we have 

achieved @ur d e s l y  goals. . 
h'c c:igcrly ;&\?it t h c  ca l ib rz t l cn  h ' i th  '?-e whicf, K i l l  begin July 6 ,  
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